Objective: To determine the prevalence and predictors of anaemia in pregnancy in Singapore. Design: Hospital based case controlled study. Setting: National University Hospital, between January±December 1993. Subjects: All women delivered at the National University Hospital, Singapore in 1993 had their haemoglobin estimated. If it was less than 11 gmadl, blood was taken to establish the cause of anaemia. Data was also collected with regard to their antenatal progress, and factors predisposing to anaemia in pregnancy. Logistic regression, Chi-square test, Fischer's exact test, Mantel±Haenszel test were used to assess the relationships between categorical variables. Results: The prevalence of anaemia at delivery was 15.3%. The most common cause of anaemia in pregnancy was due to iron de®ciency (81.3%). The occurrence of anaemia in pregnancy is related to the socio-economic status of the women. Multiparous women of the lower socio-economic class who tend to book late in pregnancy were found to have the highest risk of anaemia.
Introduction
Anaemia is the most common medical disorder in pregnancy (Whit®eld, 1995) . The World Health Organisation de®nes anaemia in pregnancy as haemoglobin levels less than 11.0 gadl (WHO, 1968) . Conservative estimates indicate that 1500 million people are anaemic world-wide, with the majority (1400 million) in the developing world, mainly in South Asia and Africa (WHO, 1990) .
Anaemia in pregnancy is not only a major public health problem in developing countries, but is a signi®cant problem in the developed world. In developing countries 55± 60% of pregnant women are anaemic; in developed countries, this drops to 18% (WHO, 1992) .
Singapore, which has been described by many as an economic miracle, has seen tremendous changes since her independence in 1965. Our Gross National Product per capita has climbed from $1618 Singapore dollars in 1965 to $35 036 Singapore dollars in 1995 (Department of Statistics, Singapore, 1995) , the highest in the Asia±Paci®c region only after Japan. Infant mortality rate has fallen from 34.9 per 1000 births in 1960 to 4 per 1000 total births in 1995, and similarly maternal mortality rate has fallen to from 40 per 100 000 in 1965 to 5 per 100 000 total births in 1995 (National Registration Department, Singapore, 1995) . Singapore is no longer a developing country but has been classi®ed as a`more advanced developing country ' from 1996 ' from (OCED, 1996 .
The prevalence of anaemia in pregnancy is therefore expected to change as well through the years. Earlier studies in the 1960s done by (Kwa & Gaw, 1966) and (Tan, 1969) indicate the prevalence of anaemia in pregnancy in Singapore to be between 28±30%. Since then, there has been no published data on the prevalence of anaemia in pregnancy in Singapore. This study was therefore undertaken to determine the prevalence, risk factors, intrapartum, postpartum and perinatal outcome of women with anaemia in pregnancy at the National University Hospital in Singapore, a tertiary centre which is geographically sited in the south-western part of the island.
Methodology
The study was conducted at the Department of Obstetrics and Gynaecology, National University Hospital Singapore, between the period 1st January 1993 to 31st December 1993. The hospital accounted for 16% of all deliveries in public sector hospitals in 1993 (Department of Statistics, Singapore, 1995) . All women who delivered at the hospital in the one year period were recruited into the study. Every woman admitted in established labour had a haemoglobin estimation done using the HemoCue 1 haemoglobin photometer (Cohen & Seidl-Friedman, 1988) .
If the haemoglobin estimation was less than 11 gadl, the women were classi®ed as having anaemia in pregnancy. Blood was then taken for:
(1) Full blood count (2) Serum iron, ferritin, transferrin and red cell zinc protoporphyrin level (3) Serum folate and B 12 levels (4) Thalassaemia screen.
Based on the results of the laboratory investigations, we classi®ed the causes of anaemia in the women who had the investigations done. On discharge, all women also had a repeat haemoglobin estimation using the photometer. The results were then coded and entered into a database. Data analysis was then carried out at the end of the study using SPSS for Windows 1 and Epistat 1 . Logistic regression analysis was used to identify the predisposing factors for anaemia at delivery. The chi square test, Fischer's exact test and Mantel±Haenszel test for linear association were used to assess the relationships between categorical variables. In cases where the outcomes of interest were continuous, the two independent sample t-test, paired`t'test, ANOVA or non-parametric Kruskal Wallis tests were used. A result was regarded as statistically signi®cant if the Pvalue was less than 0.05.
Results
Prevalence, severity and causes of anaemia A total of 3728 deliveries were carried out during the period of study. Of these 1783 (47.8%) were Chinese, 1377 (36.9%) were Malays, 480 (12.9%) were Indians and 88 (2.4%) other races. The mean haemoglobin level for each ethnic group at delivery is shown in Table 1 . The overall prevalence of anaemia for all ethnic groups was 15.3%. The prevalence of anaemia was highest in the Malays (Table 1) .
Causes of anaemia at delivery. Of the 571 anaemic women at delivery, 464 (81.3%) were diagnosed to have iron de®ciency anaemia. Folic acid de®ciency as a cause of anaemia accounted for only 0.4% of the women with anaemia. In 9.8%, there was a combined iron and folate de®ciency. Thalassaemia accounted for 3.0% of the anaemic women at delivery. A total of 28 (4.8%) had a combination of iron de®ciency with some other cause.
Severity of anaemia. In our study, of the 571 (15.3%) who were anaemic, 6 (0.2%) had severe anaemia (haemoglobiǹ 7.0 gadl), 98 (2.6%) had moderate anaemia (haemoglobin 7 to`9.0 gadl) while 467 (12.5%) had mild anaemia (haemoglobin 9 to`11.0 gadl).
Contributory factorsarisk factors for anaemia in pregnancy
Age. The mean age for the anaemic and non-anaemic groups was 28.6 and 29.8 y respectively. The highest prevalence of anaemia occurred in the less than 20 y age group ( Figure 1 ) and showed a decreasing trend as the age increased, up to age 40 y; after which there was a slight increase in the prevalence of anaemia.
Parity. The mean parity of the anaemic and non-anaemic group was 1.2 and 1.0 respectively. This difference was statistically signi®cant (P`0.001). The prevalence of anaemia increased markedly with increasing parity (Figure 2 ).
Birth interval and anaemia. The mean birth interval in months for the anaemic and non-anaemic groups was 21.4 and 19.8 months respectively. This difference is not statistically signi®cant (P 0.2). However, the shorter the interval between the last child and the present pregnancy, the higher was the risk of anaemia in the pregnant woman as shown in Figure 3 . The prevalence of anaemia starts to fall sharply at a birth interval of 18 months and above.
Social class and anaemia. Women from the paying wards form 60.9% of all deliveries at our hospital and they made up only 45.0% of all anaemic women in our study. A total Anaemia in pregnancy K Singh et al of 55.0% of the women with anaemia were from the subsidised wards whereas only 36.2% of the non-anaemic group were from the subsidised wards (P`0.001). The proportion of subsidized women for the different ethnic groups was 26.3% (469), 63.1% (869), 23.1% (111) and 9.1% (8) for the Chinese, Malays, Indians and others respectively. There was a signi®cantly higher proportion of Malay women in the subsidised wards when compared to the Chinese and Indians. (P`0.001).
In addition, a signi®cantly larger proportion of the Malay women from the subsidised wards had anaemia as compared to the Chinese or Indians (P`0.001).
History of signi®cant illnesses in previous pregnancy. We found that the biggest risk factor for developing anaemia in the present pregnancy was a history of anaemia in the previous pregnancy (Table 2) . Whereas a history of preterm delivery, antepartum haemorrhage, postpartum haemorrhage or intrauterine growth retardation in the previous pregnancy did not put a woman at higher risk of anaemia in the current pregnancy.
Present pregnancy
First antenatal visit. The mean period of amenorrhoea at the ®rst antenatal visit for the anaemic and nonanaemic groups was 23.5 weeks and 18.5 weeks respectively. This difference is statistically signi®cant (P`0.001). Thus the anaemic women tend to book later for their ®rst antenatal visit at the hospital.
Prophylactic iron supplementation. While 90.7% of the women in the non-anaemic groups received prophylactic iron supplements, only 50.6% of the anaemic group received prophylactic iron supplements. This difference is statistically signi®cant (P`0.001).
Haemoglobin level at booking. The mean haemoglobin level at booking was 11.6 gadl for all women in the study as compared to a mean haemoglobin level of 11.8 gadl at delivery (P`0.001). A total of 752 or 20.6% of 3658 pregnant women were found to be anaemic at the ®rst antenatal visit. Of this 752 women, 306 (40.7%) remained anaemic at delivery. Only 166 (54.2%) of these 306 women anaemic at delivery received iron supplementation during the antenatal period.
Multivariate logistic regression analysis. Multivariate logistic regression analysis revealed iron prophylaxis, haemoglobin level at booking, race and previous history of anaemia in earlier pregnancy as important predictors of anaemia at delivery (Table 3 ). The odds of anaemia for a woman not on therapy was about 11 times that of her counterpart on prophylactic iron therapy (95% CI 8.76± 14.13). A 55% reduction in odds of anaemia was estimated per 1 gm% increase in haemoglobin level at booking. As compared to Chinese, Malays and Indians experienced signi®cant increase in odds of anaemia of 95% and 58% respectively. Further, a pregnant woman with a previous Figure 2 Percentage prevalence of anaemic woman accordings to parity. 
Intrapartumapostpartum outcome
Period of gestation at delivery. The mean period of gestation at delivery for the women in the anaemic group was 38.1 weeks compared to 38.4 weeks for women in the non-anaemic group. This difference was not statistically signi®cant. The incidence of preterm delivery was 12.6% for the anaemic women as compared to 9.5% for the nonanaemic women. This difference is statistically signi®cant (P 0.02). There was a trend towards a higher incidence of preterm delivery for the more severely anaemic women but this did not achieve statistical signi®cance.
Mode of delivery. There was no difference in the mode of delivery in the two groups.
Occurrence of postpartum haemorrhage. In the anaemic group, 48 (8.4%) had postpartum haemorrhage in excess of 500 ml whereas in the non-anaemic group 290 (9.2%) had postpartum haemorrhage. This difference was not statistically signi®cant. However, within the anaemic group, there was a higher incidence of postpartum haemorrhage in the group with severe anaemia (16.7%) as compared to those with moderate anaemia (12.2%) and mild anaemia (7.5%). However, the trend was not found to be statistically signi®cant (P 0.4). Of the 338 who had postpartum haemorrhage, 76.6% were anaemic on discharge, as compared to 39.0% (1321 and of 3390) for those who did not have post partum haemorrhage (P`0.001).
Maternal mortality. There were no maternal deaths recorded during the period of our study.
Neonatal outcome
There were 3728 deliveries during the period of study in our hospital with 41 sets of twins. No statistical difference in sex distribution, congenital malformations, stillbirth rate and neonatal death rate were found between the anaemic and non anaemic groups. The mean birthweight according to the severity of anaemia is given in Table 4 . There was a tendency towards smaller babies for a decreasing haemoglobin level but this did not achieve statistical signi®cance.
The incidence of IUGR diagnosed after delivery was 4.7% and 6.1% for the anaemic and non-anaemic groups respectively. This difference was not statistically signi®cant (P 0.19). The incidence of IUGR appeared to increase with increasing severity of anaemia being 16.7%, 7.1% and 4.1% for severe, moderate and mild anaemia respectively but the trend did not achieve statistical signi®cance.
Discussion
The prevalence of anaemia in pregnancy varies from country to country and even from time to time in the same country. Indeed, this is evident in our study. The overall prevalence of anaemia in pregnancy was 28.8% in 1969 (Tan, 1969) . Today, with vast improvement in our socioeconomic status, the prevalence of anaemia was found to be 15.3%.
The highest prevalence of anaemia among the Malays, compared to other ethnic groups did not come as a surprise as they had a larger proportion of subsidised as compared to paying women among the different ethnic groups. Nutritional de®ciency which is linked to socio-economic status is the commonest cause of anaemia and therefore plays a large contributory role to the higher proportion of anaemia among the Malays.
The ®ve main etiological factors for anaemia in pregnancy worldwide are: iron de®ciency, folate de®-ciency, malaria, haemoglobinopathies and AIDS (Rushwan, 1994 ). In our study, iron de®ciency was the commonest cause of anaemia, accounting for 81.3% of all women. The second commonest cause was a combined iron and folate de®ciency which constituted 9.8% of anaemic women at delivery, whereas a combination of iron de®-ciency with haemoglobinopathies made up 4.8% of anaemic women.
In our study, the prevalence of anaemia was highest in the age group less than 20 y. This was not surprising as pregnancies below 20 y of age are teenage pregnancies which are often not planned or wanted pregnancies. As such, the nutritional status of the teenage mother is often not optimal and nutritional anaemia is common in teenge pregnancies (Osbourne et al, 1981; Scholl et al, 1994) . The prevalence of anaemia decreased until the age of 40 y, beyond which the prevalence increased again (Figure 1 ). This is probably related to increasing parity, nutritional status and health of the mother. Parity and the birth interval between pregnancies are the more obvious factors linked to anaemia in pregnancy and there is no doubt that the higher the parity, and the closer the interval between pregnancies especially below 18 months, the higher the risk of developing anaemia in the present pregnancy.
We found that a major risk factor for the development of subsequent anaemia in the current pregnancy was a history of anaemia in the previous pregnancy (Table 2) . Women who had anaemia in previous pregnancies tend to have persistent anaemia in the next pregnancy (Fleming et al, 1974) , their low haemoglobin values being associated with low birthweight in the current pregnancy. Most women have inadequate iron stores to start with when they embark upon a new pregnancy (Puolakka et al, 1980; Romslo et al, 1983) and when their iron stores become deplete at the end of their pregnancy, they often do not have time to replenish their stores, which may take more than a year to return to prepregnancy levels (Letsky, 1995) . The situation is made even worse with multiparity, and when the interval between pregnancies is too close for the women to recover her iron stores.
The prevalence of anaemia at booking in the antenatal period was 20.6% compared to 15.3% at delivery. The lower ®gure at delivery is expected as a proportion of anaemic women would have been treated during the antenatal period. However, the fact that 40.7% of anaemic antenatal women remained anaemic at delivery implies that not enough had been done to correct their anaemia, since the commonest cause of anaemia during the antenatal period is still nutritional anaemia (iron de®-ciency). Anaemia in pregnancy is associated with a higher occurrence of preterm delivery and intrauterine growth retardation resulting in low birthweight babies (Tan, 1969; Mavalankar et al, 1992; Lieberman et al, 1988) . Although we had found in our study that there was a higher incidence of preterm delivery for the anaemic women (12.6% vs 9.5%), there was no difference in terms of mean birthweight between the two groups (anaemic 3116.6 g vs non-anaemi 3091.9 g).
Several studies have found an association between the maternal haemoglobin level and the birthweight of the baby (Duthie et al, 1991; Sarin, 1995; Lieberman et al, 1988) . Generally, the more severe the anaemia, the lighter the birthweight of the baby. Our study too appears to suggest that lighter birthweights are associated with more severe anaemia, but this did not achieve statistical signi®cance (Table 4) . However, there have been earlier reports which found that women with lower haemoglobin concentration tended to have heavier babies (Hytten & Painter, 1963; Paintin et al, 1966) . More recently, Turkey et al (1995) reported that they were not able to detect any correlation between maternal ferritin, haemoglobin and newborn gestational age, haemoglobin and birthweight. Steer et al (1995) in a retrospective analysis of 153 602 pregnancies found that the maximum mean birthweight in white women was achieved with a lower haemoglobin concentration in pregnancy of 8.5±9.5 gadl and concluded that the failure of the haemoglobin concentration to fall below 10.5 gadl indicates an increased risk of low birthweight and preterm delivery and that this phenomenon was seen in all ethnic groups in his study.
Although we did not detect a signi®cant correlation between maternal haemoglobin level and birthweight we are of the opinion that a maternal haemoglobin level in the optimal range of 11.0±14.0 gadI will bring more bene®ts than harm to both mother and fetus. Reports from the developing countries show the severe consequences of maternal anaemia on placental size, fetal growth, length of gestation, fetal nutrition, infant morbidity and mortality, and maternal morbidity and ultimately mortality (Sarin, 1995; Bhatt, 1996) . Moreover, as pointed out by Howe (1995) the observation made by Steer et al (1995) could be explained by the fact that higher haemoglobin concentrations were simply a re¯ec-tion of poor plasma volume expansion in pregnancies that were failing to thrive. Expansion of plasma volume and therefore haemodilution is greater in association with larger fetuses.
Conclusion
Anaemia in pregnancy remains a common problem in Singapore, with a prevalence of 15.3% in our study. The most common cause of anaemia is still iron-de®ciency (nutritional) anaemia, accounting for about 95% of cases, either alone or in combination with other causes of anaemia.
It is recommended that:
(1) All pregnant women should be encouraged to book early for antenatal follow-up. (2) All pregnant women should have a haemoglobin estimation at their ®rst antenatal visit and be given iron supplements in pregnancy. 
